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(57) The purpose is to improve the mixture ratio of 
a pre-mixer by a simple arrangement to form a more uni- 
form premixed gases so as to materialize low NOx com- 
bustion. Two fuel nozzles disposed circumferential ly of 
a pre-mixer are combined with a single air intake window 
to make a set, which set is used to produce swirls in a 
pair, thereby expediting mixing. Further, the inlet window 
is shaped such that its circumferential width is changed 


axially of the combustor, thereby changing the strength 
and size of the swirls to achieve the greatest effect. By 
reducing both the pre-mixer inlet windows and the par- 
tition walls in number, the manufacturing cost can be re- 
duced, and by strengthening and optimizing the swirls, 
a combustor with superior low NOx performance can be 
provided, while it is possible to reduce the length of the 
pre-mixer necessary to obtain the same mixture ratio, 
leading to a cost reduction. 


FIG. 1 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a premixer for 
gas turbine combustors, a premixing method for gas tur- 
bine combustors, a gas turbine combustor and a com- 
bustion method for gas turbine. 

BACKGROUND ART 

[0002] In a gas turbine combustor and a combustion 
method for gas turbines, in order to reduce exhaust 
amount of NOx which is an air pollution material, an ap- 
plication of premixing combustion method is now pro- 
gressing in which fuel and air premixed before the fuel 
is introduced into a combustion chamber. For example, 
as disclosed in JP-A-3-175211 (1991), a diffusive com- 
bustion showing excellent stability is assigned at the 
center portion of the combustion chamber and a premix- 
ing combustion showing excellent low NOx property is 
assigned at the outer circumferential side thereof, there- 
by, NOx reduction is achieved. In this disclosure, air sent 
from a compressor passes between a combustor outer 
cylinder and a combustor liner and flows in respectively 
such as a combustion chamber and a pre-mixer. 
[0003] Diffusive combustion use fuel is injected from 
a diffusion fuel nozzle into the combustion chamber to 
form stable diffusive flame and premixing use fuel is in- 
jected from a premixing fuel nozzle into an annular 
premixer to mix air and to from premixed gas. 
[0004] The above premixed gas flows out into the 
combustion chamber to form premixing flame. The gen- 
erated high temperature combustion gas is introduced 
into a turbine to perform works and thereafter is exhaust- 
ed. 

[0005] In a low NOx combustor making use of such 
premixing combustion, formation of uniform premixed 
gas greatly affects the low NOx performance. In partic- 
ular, in the above conventional example which is struc- 
tured in such a manner that the air flow makes a U turn 
at the inlet of the premixer, a drift with regard to air flow 
is likely caused which makes difficult to form a uniform 
mixing gas. Namely, for such measure it requires great 
attention of advancing the mixing in the premixer. 
[0006] With regard to air flow in such premixer, JP.A- 
60-223578 (1985) and JPW-2-267419 (1990), for ex- 
ample, disclose technical measures therefor. 
[0007] JPW-2-26741 9 (1 990) discloses such a tech- 
nique that a partition wall is provided for every nozzles 
so as to separate the same in the circumferential direc- 
tion in the premixer, inlet windows of which opening is 
deviated are provided so that premixing combustion use 
air flows in an deviated manner, thereby a swirl compo- 
nent is caused in the premixing combustion use air and 
the mixing with fuel is advanced. However, the disclo- 
sure does not fully takes into account the relationship 
between the window configuration and the fuel nozzles. 


[0008] An object of the present invention is to provide 
a premixer for gas turbine combustor, a premixing meth- 
od for gas turbine combustors, a gas turbine combustor 
and a combustion method for gas turbines which unrfor- 
5 malize the premixing and show an excellent low NOx 
performance. 

[0009] A gas turbine combustor according to the 
present invention comprising diffusive combustion noz- 
zles which inject fuel and air into a combustion chamber 

10 and form a diffusive combustion flame, outer and inner 
walls which from an annular premixing flow passage and 
premixing nozzles which are disposed in the premixing 
flow passage and form a premixing combustion flame 
by injecting premixed gas formed by premixing fuel and 

is air into the combustion chamber, is characterized in that 
a plurality of the premixing nozzles are arranged in the 
premixing flow passage; opening portions permitting air 
to flow in are provided at the outer wall so that the air 
flowed into the premixing flow passage forms swirling 

20 flow with respect to the premixing nozzles; and the 
opening portions are disposed in circumferential direc- 
tion and are provided one for every adjacent two premix- 
ing nozzles. 

[001 0] A gas turbine combustor according to another 

25 aspect of the present invention comprising diffusive 
combustion nozzles which inject fuel and air into a com- 
bustion chamber and form a diffusive combustion flame, 
outer and inner walls which form an annular premixing 
flow passage and a premixing nozzles which are dis- 

30 posed in the premixing flow passage and form a premix- 
ing combustion flame by injecting premixed gas formed 
by premixing fuel and air into the combustion chamber, 
is characterized in that a plurality of the premixing noz- 
zles are arranged in the premixing flow passage; open- 

35 ing portions permitting air to flow in are provided at the 
outer wall so that the air flowed into the premixing flow 
passage forms swirling flow with respect to the premix- 
ing nozzles; and the opening portions are disposed in 
circumferential direction and are provided one for every 

to adjacent two premixing nozzles and the rotating direc- 
tions of the swirling flows for the respective two premix- 
ing nozzles are caused to direct opposite direction each 
other. 

[001 1] A gas turbine combustor according to still an- 
45 other aspect of the present invention comprises: diffu- 
sive combustion nozzles which inject fuel and air into a 
combustion chamber and form a diffusive combustion 
flame; an inner cylinder arranged outside the diffusive 
combustion nozzles; a plurality of premixing nozzles 
50 which are arranged outside the inner cylinder circumfer- 
ential direction and form a premixing combustion flame 
by injecting premixed gas formed by premixing fuel and 
air into the combustion chamber; and means for forming 
respective swirling flows of different rotating direction for 
55 the adjacent two premixing nozzles in circumferential di- 
rection. 

[001 2] A gas turbine combustor according to a further 
aspect of the present invention comprising diffusive 
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combustion nozzles which inject fuel and air into a com- 
bustion chamber and form a diffusive combustion flame, 
outer and inner walls which form an annular premixing 
flow passage and premixing nozzles which are disposed 
in the premixing flow passages and form a premixing 
combustion flame by injecting premixed gas formed by 
premixing fuel and air into the combustion chamber, is 
characterized in that a plurality of the premixing nozzles 
are arranged in the premixing flow passage; and open- 
ing portions permitting air to flow in are provided at the 
outer wall so that the air flowed into the premixing flow 
passage forms swirling flows for the adjacent two 
premixing nozzles. 

[001 3] A gas turbine combustor according to a still fur- 
ther aspect of the present invention comprising diffusive 
combustion nozzles which inject fuel and air into a com- 
bustion chamber and form a diffusive combustion flame, 
outer and inner walls which form an annular premixing 
flow passage and premixing nozzles which are disposed 
in the premixing flow passage and form a premixing 
combustion flame by injecting premixed gas formed by 
premixing fuel and air into the combustion chamber, is 
characterized in that a plurality of the premixing nozzles 
are arranged in the premixing flow passage; opening 
portions permitting air to flow in into the premixing flow 
passage are provided at the outer wall and at portions 
between adjacent two premixing nozzles in the circum- 
ferential direction; and isolation wall members which are 
provided respectively at both sides of the adjacent two 
premixing nozzles in the circumferential direction. 
[0014] A gas turbine combustor according to a still fur- 
ther aspect of the present invention comprises: diffusive 
combustion nozzles which inject fuel and air into a com- 
bustion chamber and form a diffusive combustion flame; 
an inner cylinder arranged outside the diffusive combus- 
tion nozzles; a plurality of premixing nozzles arranged 
outside the inner cylinder in circumferential direction 
and form a premixing combustion flame by injecting 
premixed gas formed by premixing fuel and air into the 
combustion chamber; means for forming respective 
swirling flows of different rotating direction for the adja- 
cent two premixing nozzles in circumferential direction; 
and a member which surrounds the adjacent two 
premixing nozzles in the circumferential direction along 
the axial direction thereof. 

[001 5] A gas turbine combustor according to a still fur- 
ther aspect of the present invention comprising diffusive 
combustion nozzles which inject fuel and air into a com- 
bustion chamber and form a diffusive combustion flame, 
outer and inner walls which form an annular premixing 
flow passage and premixing nozzles which are disposed 
in the premixing flow passage and form a premixing 
combustion flame by injecting premixed gas formed by 
premixing fuel and air into the combustion chamber, is 
characterized in that a plurality of the premixing nozzles 
are arranged in the premixing flow passage; and open- 
ing portions permitting air to flow in are provided at the 
outer wall so that the air flowed into the premixing flow 


passage forms swirling flows with respect to the premix- 
ing nozzles, thereby, the rotating directions of the swirl- 
ing flows for the respective two premixing nozzles are 
caused to direct opposite directions each other. 

5 [001 6] A gas turbine combustor according to a still fur- 
ther aspect of the present invention comprises diffusive 
combustion nozzles which inject fuel and air into a com- 
bustion chamber and form a diffusive combustion flame, 
outer and inner walls which form an annular premixing 

10 flow passage and premixing nozzles which are disposed 
in the premixing flow passage and form a premixing 
combustion flame by injecting premixed gas formed by 
premixing fuel and air into the combustion chamber, 
wherein a plurality of the premixing nozzles are ar- 

is ranged in the premixing flow passage; opening portions 
permitting air to flow in are provided at the outer wall so 
that the air flowed into the premixing flow passage forms 
swirling flow with respect to the premixing nozzles; and 
each of the opening portions is configured in nearly a 

20 triangular shape in such a manner either that the open- 
ing broadens in the main air stream direction prior to 
flowing into the premixer or that the opening decreases 
in the main air stream direction prior to flowing into the 
premixer; and the rotating directions of the swirling flows 

25 for the respective two premixing nozzles are caused to 
direct opposite directions each other 
[001 7] A gas turbine combustor use premixing device 
according to one aspect of the present invention com- 
prising a plurality of premixing nozzles which are ar- 

30 ranged in circumferential direction and form a premixing 
combustion flame by injecting premixed gas formed by 
premixing fuel and air into a combustion chamber, is 
characterized in that one air flow inlet for every adjacent 
two premixing nozzles is provided so that a swirling flow 

35 is formed for the respective adjacent two premixing noz- 
zles in the circumferential direction. 
[001 8] A gas turbine combustor use premixing device 
according to another aspect of the present invention 
comprising a plurality of premixing nozzles which are ar- 

40 ranged in circumferential direction and form a premixing 
combustion flame by injecting premixed gas formed by 
premixing fuel and air into a combustion chamber, is 
characterized in that one air flow inlet for every adjacent 
two premixing nozzles is provided so that swirling flows 

<s of which rotating directions are opposite each other are 
formed for the respective adjacent two premixing noz- 
zles in the circumferential direction. 
[001 9] A gas turbine combustor use premixing device 
according to still another aspect of the present invention 

50 comprising a plurality of premixing nozzles which are ar- 
ranged in circumferential direction and form a premixing 
combustion flame by injecting premixed gas formed by 
premixing fuel and air into a combustion chamber, is 
characterized in that means is provided which forms 

55 swirling flows of which rotating directions are different 
for the respective adjacent two premixing nozzles in the 
circumferential direction. 

[0020] A premixing method for a gas turbine combus- 
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tor according to one aspect of the present invention 
comprising a plurality of premixing nozzles which are ar- 
ranged in circumferential direction and form a premixing 
combustion flame by injecting premixed gas formed by 
premixing fuel and air into a combustion chamber, is 5 
characterized in that air is flown from airflow inlets each 
being provided for every adjacent two premixing nozzles 
in the circumferential direction, and swirling flows are 
formed around the respective adjacent two premixing 
nozzles. 10 
[0021] A premixing method for a gas turbine combus- 
tor according to another aspect of the present invention 
comprising a plurality of premixing nozzles which are ar- 
ranged in circumferential direction and form a premixing 
combustion flame by injecting premixed gas formed by 15 
premixing fuel and air into a combustion chamber, is 
characterized in that air is flown from air flow inlets each 
being provided for every adjacent two premixing noz- 
zles, and swirling flows of which rotating directions are 
opposite each other are formed around the respective 20 
adjacent two premixing nozzles. 
[0022] A premixing method for a gas turbine combus- 
tor according to still another aspect of the present inven- 
tion comprising a plurality of premixing nozzles which 
are arranged in circumferential direction and form a 25 
premixing combustion flame by injecting premixed gas 
formed by premixing fuel and air into a combustion 
chamber, is characterized in that one air flow inlet for 
every adjacent two premixing nozzles is provided so that 
swirling flows of which rotating directions are different 30 
each other are formed around the respective adjacent 
two premixing nozzles in the circumferential direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0023] 

Fig. 1 shows a partial transversal cross sectional 
view of a combustor representing one embodiment 
of the present invention; 40 
Fig. 2 shows a partial top plane view of the combus- 
tor representing the embodiment of the present in- 
vention; 

Fig. 3 shows a partial vertical cross sectional view 
of the combustor representing the embodiment of 45 
the present invention; 

Fig. 4 shows another partial vertical cross sectional 
view of the combustor representing the embodi- 
ment of the present invention; 

Fig. 5 shows another partial transversal cross sec- so 
tional view of the combustor representing the em- 
bodiment of the present invention; 
Fig. 6 shows a cross sectional view of the entire 
structure of the combustor representing the embod- 
iment of the present invention; 55 
Fig. 7 shows a partial transversal cross sectional 
view of a combustor representing one embodiment 
of the present invention; 


Fig. 8 shows a partial vertical cross sectional view 
of the combustor representing the embodiment of 
the present invention; 

Fig. 9 shows a partial top plane view of the combus- 
tor representing the embodiment of the present in- 
vention; 

Fig. 10 shows a partial transversal cross sectional 
view of a combustor representing one embodiment 
of the present invention; 

Fig. 11 shows a partial vertical cross sectional view 
of the combustor representing the embodiment of 
the present invention; 

Fig. 12 shows a partial top plane view of the com- 
bustor representing the embodiment of the present 
invention; 

Fig. 13 shows a partial transversal cross sectional 
view of a combustor representing one embodiment 
of the present invention; 

Fig. 14 shows a partial vertical cross sectional view 
of the combustor representing the embodiment of 
the present invention; 

Fig. 15 shows a partial top plane view of the com- 
bustor representing the embodiment of the present 
invention; 

Fig. 16 shows a partial transversal cross sectional 
view of a combustor representing one embodiment 
of the present invention; 

Fig. 17 shows a partial vertical cross sectional view 
of the combustor representing the embodiment of 
the present invention; 

Fig. 18 shows a partial top plane view of the com- 
bustor representing the embodiment of the present 
invention; 

Fig. 19 shows a partial transversal cross sectional 
view of a combustor representing one embodiment 
of the present invention; 

Fig. 20 shows a partial vertical cross sectional view 
of the combustor representing the embodiment of 
the present invention; 

Fig. 21 shows a partial top plane view of the com- 
bustor representing the embodiment of the present 
invention; 

Fig. 22 shows a partial transversal cross sectional 
view of a combustor representing one embodiment 
of the present invention; 

Fig. 23 shows a partial vertical cross sectional view 
of the combustor representing the embodiment of 
the present invention; 

Fig. 24 shows a partial top plane view of the com- 
bustor representing the embodiment of the present 
invention; 

Fig. 25 shows a partial top plane view of a combus- 
tor representing one embodiment of the present in- 
vention; 

Fig. 26 shows a partial top plane view of a combus- 
tor representing another embodiment of the present 
invention; 

Fig. 27 shows a partial transversal cross sectional 
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view of a comparator representing still another em- 
bodiment of the present invention; 
Fig. 28 shows a partial vertical cross sectional view 
of the combustor representing the embodiment of 
the present invention; 

Fig. 29 shows a partial top plane view of the com- 
bustor representing the embodiment of the present 
invention; 

Fig. 30 is a diagram in which swirling intensities of 
three embodiments are compared; 
Fig. 31 is a diagram in which attenuations of the 
swirling intensities of three embodiments are com- 
pared using embodiment 2 as reference; 
Fig. 32 shows a partial vertical cross sectional view 
of a combustor to which the present invention is ap- 
plied; 

Fig. 33 shows a partial transversal cross sectional 
view of the combustor to which the present inven- 
tion is applied; 

Fig. 34 shows a partial top plane view of the com- 
bustor representing the embodiment of the inven- 
tion; 

Fig. 35 shows a partial vertical cross sectional view 
of the combustor representing the embodiment of 
the present invention; 

Fig. 36 shows a partial transversal cross sectional 
view of the combustor representing the embodi- 
ment of the present invention; 
Fig. 37 shows a partial top plane view of a combus- 
tor representing a further embodiment of the 
present invention; 

Fig. 38 is a partial transversal cross sectional view 
of the combustor representing the embodiment of 
the present invention; and 
Fig. 39 is a partial top plane view of a combustor 
representing a still further embodiment of the 
present invention. 

BEST MODES FOR CARRYING OUT THE INVENTION 

[0024] Hereinbelow, embodiments of the present in- 
vention will be explained. 

[0025] In the embodiments of the present invention, 
a measure is taken that an inlet window is configured in 
such a manner that the width in circumferential direction 
of the inlet window varies along the axial direction of a 
combustor and thereby, such as strength and size of 
swirls can be controlled so as to obtain the maximum 
effect. 

[0026] Further, for the fuel nozzles arranged along the 
circumferential direction in a pre mixer one inlet window 
is assigned for two pieces of the fuel nozzles to form 
one set so that each set thereof causes to generate a 
pair of two swirls, thereby number of inlet windows is 
relatively reduced as well as partition walls in the 
premixer is also reduced which prevent attenuation of 
the swirls and further advances the mixing. 
[0027] Through the reduction of the inlet windows and 


the partition walls in the premixer the manufacturing cost 
thereof can be reduced as well as through strengthening 
and optimizing the swirl further highly uniform premixing 
gas can be obtained and a combustor showing an ex- 
5 cellent low NOx performance can be provided. 

(Embodiment 1 ) 

[0028] Hereinbelow, a first embodiment of the present 
10 invention will be explained with reference to Fig. 1 
through Fig. 6. 

[0029] Fig. 6 is a cross sectional view of an entire 
structure of a combustor. The present combustor is an 
example in which the diffusive combustion showing an 
15 excellent stability is preformed at the center portion 
thereof and the premixing combustion showing an ex- 
cellent low NOx property is preformed at the outer cir- 
cumferential side thereof, thereby, a lowering of NOx is 
achieved. 

20 [0030] As shown in Fig. 6, in the combustor air 50 sent 
from the compressor 1 0 flows between a combustor out- 
er cylinder 2 and a combustor liner 3. Then, a part of the 
air flows in into a combustion chamber 1 as cooling air 
51 for the combustor liner 3 and a part of the other air 

25 flows in into a premixer 12 as premixing use air 49. The 
remaining air flows in into the combustion chamber 1 
from a combustion air hole 14a and a cooling air holes 
17 via a passage between the premixer and a combus- 
tor end plate. 

30 [0031] Further, diffusive combustion use fuel 16 is in- 
jected into the combustion chamber 1 from diffusion fuel 
nozzles 1 3 to from a stable diffusive flame 4. Premixing 
use fuel 21 is injected from premixing fuel nozzles 8 into 
an annular shaped premixer 12 to form premixed gas 

35 22 by mixing wfth air. The premixed gas 22 flows out into 
the combustor 1 to form a premixing flame 5. Then, the 
generated high temperature combustion gas is intro- 
duced into a turbine 18 to perform works and thereafter 
exhausted. 

40 [0032] In a low NOx combustor making use of such 
premixing combustion, formation of uniform premixed 
gas greatly affects the low NOx performance. In partic- 
ular, in the above conventional example which is struc- 
tured in such a manner that the air flow makes a U turn 

45 at the inlet of the premixer, a drift with regard to air flow 
is likely caused which makes difficult to form a uniform 
mixing gas. Namely, for such measure it requires great 
attention of advancing the mixing in the premixer. 
[0033] A partial vertical view of a combustor to which 

50 the present invention is applied is shown in Fig. 4, and 
a partial transversal cross sectional view of the combus- 
tor to which the present invention is applied is shown in 
Fig. 5. The premixing device of the present embodiment 
is provided with, as shown in Fig. 4 and Fig. 5, the com- 

55 bustor outer cylinder 2, the cylindrical shaped combus- 
tor liner 3, the premixer 1 2 including an annular passage 
for flowing the gas into the combustor 1 , an annular air 
passage 203 formed by these elements, air inlet open- 


5 


9 


EP 1 223 383 A1 


10 


ing portions 30 arranged at the outer circumferential 
side of the premixer 12 and serving as air inlet windows, 
a plurality of premixing fuel nozzles 8 arranged in the 
premixer annular passage along the circumferential di- 
rection thereof, fuel injection holes 81 bored at the 
premixing fuel nozzles 81 and a plurality of partitions 31 
arranged in the premixer annular passage along the cir- 
cumferential direction thereof and serving as partition 
walls. 

[0034] The combustor outer cylinder 2 is for prevent- 
ing the high temperature and high pressure air 50 from 
leaking to the outer atmosphere and for securing com- 
bustor members to a gas turbine main body. The com- 
bustor liner 3 forms the combustor 1 , and of which inner 
portion combustion reaction between fuel and air is per- 
formed to generate high temperature combustion gas 
and which introduces the high temperature combustion 
gas to the turbine. 

[0035] The premixer 12 forms an annular passage, 
forms the premixed gas 22 in the passage by mixing the 
fuel and air, flows out the same into the combustor 1, 
and causes to perform premixing combustion with lim- 
ited amount of NOx exhaustion. 
[0036] The air passage 203 is an annular passage for 
passing the high temperature and high pressure air to 
the premixer 12. 

[0037] A plurality of premixing fuel nozzles 8 are ar- 
ranged in the annular passage near the inlet of the 
premixer 12 along the circumferential direction thereof 
so as to properly distribute the fuel, and each of the fuel 
nozzles 8 is provided with not less than one fuel injection 
port 81 through which fuel is injected into the premixer 
12. 

[0038] The partitions 31 serving as isolation walls me- 
chanically support the inner and outer circumferential 
walls of the premixer 12 as well as partition the annular 
passage of the premixer 12 into a plurality of chambers 
in circumferential direction thereof. 
[0039] Now, the present invention will be explained 
with reference to Fig. 1 through Fig. 3. Fig. 1 shows a 
partial transversal cross sectional view of a combustor 
representing one embodiment of the present invention, 
Fig. 2 shows a partial top plane view of the combustor 
representing the one embodiment of the present inven- 
tion and Fig. 3 shows a partial vertical cross sectional 
view of the combustor representing the one embodi- 
ment of the present invention. 

[0040] In the present embodiment, an air inlet opening 
portions 30 serving as an air inlet windows form inlet 
ports through which air flows in from the air passage 203 
to the premixer 1 2, the opening portions are distributedly 
arranged along the circumferential direction in a rate of 
for every one opening portion two pieces of fuel nozzles 
8 and each of the main opening area is arranged so as 
to locate at the intermediate position in circumferential 
direction of the two pieces of fuel nozzles. 
[0041] The width of the opening portion is configured 
to gradually decrease in the main air flow direction flow- 


ing through the air passage 203, thereby, the opening 
portions are configured nearly a rectangular shape. 
[0042] Now, an operation of the embodiment of the 
present invention will be explained. As shown in Fig. 4, 

5 the high temperature and high pressure air 50 sent from 
the compressor passes through the annular passage 
203 formed by the combustor outer cylinder 2, the com- 
bustor liner 3 and the premixer 12 and reaches the air 
inlet opening portions 30 of the premixer 12, where the 

10 air 50 is branched into premixing use air 49 flowing into 
the premixer 12 and air 14 flowing into such as the dif- 
fusive combustor. 

[0043] As shown in Fig. 1, the premixing use air 49 
entered into the premixer 12 inverts the flow direction 
is so as to flow along the flow passage of the premixer 1 2, 
forms the premixed gas while being mixed with premix- 
ing fuel 21 injected from the fuel injection holes 81 of 
the fuel nozzles 8 disposed in the premixer 12, and then 
flows out into combustor 1. 

[0044] In the combustor 1 , premixing flame is formed 
by making use of the high temperature gas in the diffu- 
sive combustor at the upstream side as an ignition 
source or by making use of a proper flame holder (such 
as a bluff body), and a premixing combustion reaction 
with limited NOx generation is performed to generate 
high temperature combustion gas. 
[0045] Herein, the higher the uniformity of the fuel 
density in the premixed gas 21 , the more the uniformity 
of temperature of the combustion gas is achieved, there- 
by a low NOx combustion can be realized while elimi- 
nating a high temperature portion which operates as 
NOx generation source. 

[0046] Now, processes of mixing fuel and air in the 
present embodiment will be explained in detail with ref- 
erence to Fig. 7 through Fig. 24. 
[0047] At first, configuration of the air inlet window and 
air flow caused in the premixer will be explained with 
reference to Fig. 7 through Fig. 12. 
[0048] As shown in Fig. 7 through Fig. 9 the premixing 
use air 49 entered into the premixer 12 inverts the flow 
direction so as to flow along the flow passage of the 
premixer 12, forms the premixed gas while being mixed 
with premixing fuel 21 injected from the fuel injection 
holes 81 of the fuel nozzles 8 disposed in the premixer 
12, and then flows out into the combustor 1 . Herein, for 
simplicity's sake, at first only the air flow will be ex- 
plained while omitting the fuel nozzles. As shown in Fig. 
9, when the window is configured in a one large contin- 
uous opening along the entire circumferential direction, 
namely, the air inlet opening portions 30 are provided 
continuously along the circumferential direction, as 
shown in Figs. 7 and 8, the air flow in the premixer 12 
assumes a laminar air flow with small secondary flow in 
the flow passage cross section and the mixing between 
fuel and air is not sufficiently advanced. Further, along 
the inner surface of the premixer outer circumferential 
side wall where the air flow is inverted break away vor- 
texes having axis in circumferential direction are likely 
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caused. Since these vortexes are unstable and occa- 
sionally break away and are discharged toward down- 
stream while being carried on the air flow, these vortex- 
es are considered as one of the causes which induces 
a back fire phenomenon causing flame at the down- 
stream side. 

[0049] On the other hand, as shown in Fig. 10 through 
Fig. 12, in the present embodiment, the opening por- 
tions are distributed along the circumferential direction. 
Namely, the air inlet opening portions 30 are provided 
discontinuousiy along the circumferential direction. 
Therefore, as shown in Figs. 10 and 11 , a negative pres- 
sure region 300 is formed due to flow break away at the 
back face between the adjacent two air inlet openings 
30 serving as inlet air windows and a pair of stable vor- 
texes 301 are formed around the negative pressure re- 
gion 300. Further, as shown in Fig. 10, the swirling di- 
rections of the generated adjacent vortexes 301 are op- 
posite direction each other when seen along the circum- 
ferential direction of the combustor. These vortexes 301 
extend downstream side in the axial direction while 
gradually attenuating due to friction loss with the inner 
face of the premixer wall, greatly agitate the air in the 
flow passage cross section in the premixer and advance 
mixing between fuel and air. 

[0050] Now, with reference to Figs. 1 3 through 1 5 and 
Figs. 1 6 through 1 8, difference in effect, when the open- 
ing width of the air inlet opening portions 30 serving as 
air inlet windows is varied in the main flow direction of 
the air, will be explained. Fig. 13 is a partial transversal 
cross sectional view of the combustor representing the 
one embodiment of the present invention, Fig. 14 is a 
partial vertical cross sectional view of the combustor 
representing the one embodiment of the present inven- 
tion, and Fig. 15 is a partial top plane view of the com- 
bustor representing the one embodiment of the present 
invention. 

[0051] The embodiment as shown in Figs. 1 3 through 
15 illustrates a state of the vortexes 301 when the open- 
ing portions are configured nearly triangular shape in 
such a manner that the width thereof gradually decreas- 
es in the main flow direction of the air 50 in the air flow 
passage 203 (directing in opposite direction from the 
premixing air flow direction). In this instance, the vortex- 
es spread entirely toward the inner circumferential side 
of the premixer flow passage and a further strong agi- 
tating and mixing action can be obtained. 
[0052] Further, Fig. 16 is a partial transversal cross 
sectional view of the combustor representing the one 
embodiment of the present invention, Fig. 17 is a partial 
vertical cross sectional view of the combustor represent- 
ing the one embodiment of the present invention, and 
Fig. 18 is a partial top plane view of the combustor rep- 
resenting the one embodiment of the present invention. 
[0053] The embodiment as shown in Figs. 1 6 through 
1 8 illustrates a state of the vortexes 301 when the open- 
ing portions are configured in such a manner that con- 
trary to the above the width thereof gradually increases 


in the main air flow direction in the air flow passage 203 
in the manner broadening along the stream. In this in- 
stance, the vortexes 301 are relatively confined at the 
outer circumferential side of the premixer and the agi- 
5 tating and mixing action thereof is also comparatively 
small. 

[0054] In a case when the configuration of the air inlet 
window is not varied in the flow direction which corre- 
sponds to the example as shown in Figs. 1 0 through 1 2, 
the agitating and mixing action thereof shows an inter- 
mediate one of the above explained two examples. 
[0055] As has been explained above, through distri- 
bution of the premixer air inlet windows 30 in circumfer- 
ential direction and formation in the premixer of a pair 
of vortexes of which swirling directions are opposing 
each other, the mixing between fuel and air in the 
premixer can be advanced. 

[0056] Further, through configuring the air inlet open- 
ing portions 30 serving as the premixer air inlet window 
nearly a triangular shape in such a manner the width 
thereof gradually decreases in the flow direction of the 
air 50, the size and strength of the vortexes 301 can be 
increased, thereby, the agitating and mixing action 
thereof is further strengthened. 
[0057] Now, a relationship between position of the air 
inlet window 30 and premixing fuel nozzles 18 and mix- 
ing process will be explained with reference to Figs. 19 
through 21 and Figs. 22 through 24. Fig. 19 is a partial 
transversal cross sectional view of the combustor rep- 
resenting the one embodiment of the present invention, 
Fig. 20 is a partial vertical cross sectional view of the 
combustor representing the one embodiment of the 
present invention, and Fig. 21 is a partial top plane view 
of the combustor representing the one embodiment of 
the present invention, Fig. 22 is a partial transversal 
cross sectional view of the combustor representing the 
one embodiment of the present invention, Fig. 23 is a 
partial vertical cross sectional view of the combustor 
representing the one embodiment of the present inven- 
tion, and Fig. 24 is a partial top plane view of the com- 
bustor representing the one embodiment of the present 
invention. 

[0058] In Figs. 19 through 21, the premixing fuel noz- 
zles 8 are disposed so as to locate immediately below 
the centers of the air inlet windows 30. Namely, the 
premixing fuel nozzles 8 are located substantially on the 
lines connecting between the air inlet windows 30 and 
the axial center of the combustor. In this instance, the 
vortexes 301 are formed between the adjacent premix- 
ing fuel nozzles 8, however, the premixing fuel nozzles 
8 operate so as to disturb the main flow of the premixing 
use air 49 therefore, the vortexes 301 are comparatively 
small and gentle. 

[0059] On the other hand, Figs. 22 through 24 relate 
to the embodiment of the present invention wherein the 
air inlet opening portions serving as the air inlet windows 
are disposed in such a manner the centers of the open- 
ings locate substantially the intermediate of the adjacent 
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premixing fuel nozzles. In this instance, large and strong 
vortexes 301 are formed so as to surround the premixing 
fuel nozzles 8, thereby, an excellent agitating and mixing 
effect can be obtained. 

[0060] In the present embodiment, for each of the 
premixing inlet air windows since a pair of vortexes of 
which swirling directions are opposing are formed, the 
swirling directions of the vortexes for adjacent premixer 
inlet air windows are also directing oppositely each oth- 
er, thereby, interference therebetween hardly occurs. 
Therefore, different from the conventional structure 
which necessitates partitions 31 serving as the isolation 
wails partitioning the premixer flow passage for every 
window along the circumferential direction, however, in 
the present embodiment it is sufficient if the minimum 
number of isolation walls is provided which maintains 
mechanical strength required for the premixer. Namely, 
the partition can be omitted to take an easy structure or 
the partitions 31 can be simplified. Generally, a major 
cause of attenuation of the vortexes 301 which advance 
the mixing is an attenuation due to friction loss with the 
premixer walls, with the premixer inlet air windows ac- 
cording to the present embodiment the attenuation of 
the formed vortexes can be extremely limited, thereby, 
further uniform premixed gas can be formed. 
[0061] To put this differently, the length of the premixer 
necessary for obtaining the premixed gas having the 
same uniformity can be shortened and effect of cost re- 
duction and freedom for designing can be enhanced. 
[0062] Further, the unstable break away vortexes in 
the circumferential direction are hardly formed which 
possibly contributes to reduce negative potentials such 
as back fire. 

[0063] At the same time, as in the present embodi- 
ment, the number of isolation walls can be minimized, 
which also contributes manufacturing cost reduction. 

(Embodiment 2) 

[0064] A second embodiment of the present invention 
will be explained with reference to Fig. 25. Although the 
basic structure of the present invention is the same as 
that of the first embodiment, a different point thereof is 
that the width of the air inlet opening portions 30 is kept 
unchanged in the main flow direction of air. Through thus 
constituting, although the agitating and mixing perform- 
ance thereof somewhat reduces as has been explained 
above, easiness of parts manufacturing and assembling 
the same can be enhanced. 

(Embodiment 3) 

[0065] A third embodiment of the present invention 
will be explained with reference to Fig. 26. Although the 
basic structure of the present invention is the same as 
that of the first embodiment, a different point thereof is 
that the air inlet opening portions 30 are configured into 
nearly a triangular shape in such a manner that the width 


thereof is broadened in the main flow direction of the air. 
Through thus constituting, the swirling vortex generation 
sources at the downstream side of the windows are lim- 
ited in a narrow range in comparison with other embod- 

5 iments as has been explained above and comparatively 
gentle mixing can be realized and the present embodi- 
ment is effective in a case where the mixing degree at 
the inner circumferential side is required to be gentle in 
view of interference with the diffusive combustion at the 

io upstream side. 

[0066] Now, comparison result of swirling intensity of 
vortexes with regard to the above embodiments 1 
through 3 will be explained with reference to Fig. 30. Fig. 
30 is a diagram in which the swirling intensities of these 

15 are compared. The abscissa represents axial direction 
distance from the premixing nozzle injection hole with 
no dimension and the ordinate represents swirl intensity. 
[0067] These swirling intensities are higher than con- 
ventional ones and the attenuation of the swirling inten- 

20 sity in the axial direction is low in comparison with con- 
ventional ones. 

[0068] Among these, ft is observed that the swirling 
intensity of the embodiment 1 is generally high. Namely, 
in the case of nearly triangular shaped opening portion 

25 wherein the width thereof gradually decreases in the 
main air flow direction, it is observed that the swirling 
intensity thereof is extremely high. 
[0069] Further, with regard to the embodiments 1 
through 3, comparison on attenuation of the vortex swiri- 

30 jng intensities will be explained with reference to Fig. 
31 . Fig. 31 is a diagram in which the attenuation of swirl- 
ing intensities of three embodiments is compared using 
that of the embodiment 2 as reference. The abscissa 
represents axial direction distance from the premixing 

35 nozzle injection hole with no dimension, and the ordi- 
nate represents relative swirling intensity when assum- 
ing that of embodiment 2 as 1 . 
[0070] Among the embodiments 1 through 3, the 
swirling intensity of embodiment 1 is generally high and 

40 when comparing with the embodiment 2, even if the ax- 
ial direction distance is prolonged, ft is observed that the 
swirling intensity is hardly attenuated. Namely, in the 
case of nearly triangular shaped opening portion where- 
in the width thereof gradually decreases in the main air 

45 flow direction (directing in opposite direction from the 
premixed gas flow direction), it is observed that the swirl- 
ing intensity thereof is hardly reduced. 
[0071] As has been explained above, with the present 
embodiment the attenuation of vortexes formed by the 

50 premixer inlet air windows can be minimized and further 
uniform mixed gas can be formed, thereby, the present 
embodiment contributes to enhance low NOx perform- 
ance. The length of the premixer necessary for obtaining 
the premixed gas having the same uniformity can be 

55 shortened and effect of cost reduction and freedom for 
designing can be enhanced. Further, the unstable break 
away vortexes in the circumferential direction are hardly 
formed which possibly contributes to reduce negative 
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potentials such as back fire. At the same time, as in the 
present embodiment the number of isolation walls can 
be minimized, which also contributes to manufacturing 
cost reduction. 

(Embodiment 4) 

[0072] A fourth embodiment of the present invention 
will be explained with reference to Figs. 27 though 29. 
Although the basic structure of the present invention is 
the same as that of the first embodiment, a different 
point thereof is that the fuel nozzle is shortened and is 
disposed on the wall face of the premixer. In the case 
as in the present embodiment where the paired two vor- 
texes are generated, since the swirling directions of the 
adjacent vortexes are always directed in opposite direc- 
tion, stability of the swirling vortexes is high, therefore, 
it is necessarily required to extend the fuel nozzles for- 
ward, thus it is possible to dispose the fuel injection 
holes directly on the wall face. Through thus construct- 
ing the fuel nozzles themselves can be simplified which 
is effective for cost reduction. 

(Embodiment 5) 

[0073] Fig. 32 shows a partial vertical cross sectional 
view of a combustor to which the present invention is 
applied and Fig. 33 shows a partial transversal cross 
sectional view of the combustor to which the present in- 
vention is applied. In the present embodiment, in partic- 
ular, the premixing fuel 21 for the premixing fuel nozzles 
8 is introduced from the same direction (toward down- 
stream side of the main flow direction) as the diffusive 
combustion use fuel 16 supplied for the diffusion noz- 
zles 13. 

[0074] The premixing device includes the combustor 
outer cylinder 2, the cylindrical shaped combustor liner 
3 and a plurality of premixing fuel nozzles 8 including 
the flow passages leading to the combustion chamber 
1 and disposed in each of the premixer passages in the 
circumferential direction thereof. 
[0075] The combustor outer cylinder 2 is for prevent- 
ing the high temperature and high pressure air 50 from 
leaking to the outer atmosphere and for securing com- 
bustor members to a gas turbine main body. The com- 
bustor liner 3 forms the combustor 1 , and of which inner 
portion combustion reaction between fuel and air is per- 
formed to generate high temperature combustion gas 
and which introduces the high temperature combustion 
gas to the turbine. In the premixer 12 a part of the air 14 
and 50 sent in the main flow direction flows into the 
premixer flow passage as the premixing air and, in the 
passage premixed gas 22 is formed by mixing the fuel 
and air to flow out the same into the combustor 1, and 
thereby to cause to perform premixing combustion with 
limited amount of NOx exhaustion. Further, the air 14, 
the other part of the air 50, is sent to the diffusion side. 
[0076] A plurality of sets of premixing fuel nozzles 8, 


each set includes a plurality of premixing fuel nozzles 8, 
are arranged in the passage near the inlet of the premix- 
er 12 along the circumferential direction thereof so as to 
properly distribute the fuel. The flow passages are 
5 formed for every set so as to surround the respective 
sets. In the present embodiment, as shown in Fig. 33, 
two premixing fuel nozzles 8 form one set and a flow 
passage which surrounds the two premixing fuel noz- 
zles 8 (a set of premixing fuel nozzles 8) is provided for 
w every set. 

[0077] In the present embodiment as shown in Fig. 
34, air inlet opening portions 30 serving as air inlet win- 
dows form inlet ports through which air flows to the 
premixer 12, opening portions are distributedly ar- 
ts ranged along the circumferential direction in a rate of for 
every one opening portion two pieces of premixing fuel 
nozzles 8 and each of the main opening area is arranged 
so as to locate at the intermediate position in circumfer- 
ential direction of the two pieces of premixing fuel noz- 
20 zles. Further, the width of the opening portion is config- 
ured to gradually decrease in the main airflow direction, 
thereby, the opening portions are configured. Still further 
as shown in Figs. 35 and 36, the premixing use air 49 
entered into the premixer respectively inverts the flow 
25 direction so as to flow along the flow passage of the 
premixer 12 to thereby form the swirling flow 301 . Even 
with this structure, a swirling flow having high swirling 
intensity can be formed. 


[0078] Figs. 37 and 38 show another configuration of 
the inlet window. The present embodiment is an exem- 
plary measure in which the swirling directions of vortex- 
es formed around the adjacent two premixing fuel noz- 
zles 8 are direction in opposite directions each other. 
[0079] Namely, for the respective adjacent two 
premixing fuel nozzles 8 a corresponding inlet window 
is formed and the opening area of the respective inlet 
windows is gradually reduced toward outside near from 
the centers of the respective premixing fuel nozzles 8. 
Further, each of the opening portion areas is gradually 
reduced in the main stream direction. With this structure, 
the swirling directions formed around the adjacent two 
premixing fuel nozzles 8 are directed in opposite direc- 
tions each other and a swirling flow having high swirling 
intensity can be formed. 

[0080] Further, when put this differently, a nearly tri- 
angular shaped inlet portion of which opening portion 
area is gradually decreased toward the main stream di- 
rection is provided for every adjacent two premixing fuel 
nozzles 8, thereby, an interrupting portion which pre- 
vents air flow is formed near the center of the nearly 
rectangular shaped inlet portion. Through thus consti- 
tuting, the swirling directions formed around the adja- 
cent two premixing fuel nozzles 8 are directed in oppo- 
site directions each other and a swirling flow having high 
swirling intensity can be formed. 
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[0081] Further, the gradually reducing opening por- 
tion area toward the main stream direction of the nearly 
rectangular shaped inlet portion can be formed in a 
curved shape as shown in Fig. 39. 

5 

INDUSTRIAL FEASIBILITY 

[0082] According to the present invention a premixer 
for gas turbine combustors, a premixing method for gas 
turbine combustors, a gas turbine combustor and a *o 
combustion method for gas turbines which uniformalize 
the premixing and show an excellent low NOx perform- 
ance can be provided. 


Claims 

1 . A gas turbine combustor comprising diffusive com- 
bustion nozzles which inject fuel and air into a com- 
bustion chamber and form a diffusive combustion 20 
flame, outer and inner walls which form an annular 
premixing flow passage and premixing nozzles 
which are disposed in the premixing flow passage 
and form a premixing combustion flame by injecting 
premixed gas formed by premixing fuel and air into 25 
the combustion chamber, characterized in that 

a plurality of the premixing nozzles are ar- 
ranged in the premixing flow passage; 

opening portions permitting air to flow in are 
provided at the outer wall so that the air flowed into 30 
the premixing flow passage forms swirling flow with 
respect to the premixing nozzles; and 

the opening portions are disposed in circum- 
ferential direction and are provided one for every 
adjacent two premixing nozzles. 35 

2. A gas turbine combustor comprising diffusive com- 
bustion nozzles which inject fuel and air into a com- 
bustion chamber and form a diffusive combustion 
flame, outer and inner walls which form an annular 40 
premixing flow passage and premixing nozzles 
which are disposed in the premixing flow passage 
and form a premixing combustion flame by injecting 
premixed gas formed by premixing fuel and air into 
the combustion chamber, characterized in that « 

a plurality of the premixing nozzles are ar- 
ranged in the premixing flow passage; 

opening portions permitting air to flow in are 
provided at the outer wall so that the air flowed into 
the premixing flow passage forms swirl ing flow with 50 
respect to the premixing nozzles; and 

the opening portions are disposed in circum- 
ferential direction and are provided one for every 
adjacent two premixing nozzles and the rotating di- 
rections of the swirling flows for the respective two 55 
premixing nozzles are caused to direct opposite di- 
rections each other. 


3. A gas turbine combustor comprising: 

diffusive combustion nozzles which inject fuel 
and air into a combustion chamber and form a 
diffusive combustion flame; 
an inner cylinder arranged outside the diffusive 
combustion nozzles; 

a plurality of premixing nozzles which are ar- 
ranged outside the inner cylinder in circumfer- 
ential direction and form a premixing combus- 
tion flame by injecting premixed gas formed by 
premixing fuel and air into the combustion 
chamber; and 

means for forming respective swirling flows of 
different rotating direction for the adjacent two 
premixing nozzles in circumferential direction. 

4. A gas turbine combustor according to claim 1 or 2, 
characterized in that each of the opening portions 
is provided between the adjacent two premixing 
nozzles at the position in circumferential direction. 

5. A gas turbine combustor according to claim 1 or 2, 
characterized in that each of the opening portions 
is configured in such a manner that the opening 
width in circumferential direction varies along the 
axial direction thereof. 

6. A gas turbine combustor according to claim 5, char- 
acterized in that each of the opening portions is 
configured in nearly a triangular shape in such a 
manner either that the opening broadens in the 
main air stream direction prior to flowing into the 
premixer or that the opening decreases in the main 
air stream direction prior to flowing into the premix- 
er. 

7. A gas turbine combustor comprising diffusive com- 
bustion nozzles which inject fuel and air into a com- 
bustion chamber and form a diffusive combustion 
flame, outer and inner walls which form an annular 
premixing flow passage and premixing nozzles 
which are disposed in the premixing flow passage 
and form a premixing combustion flame by injecting 
premixed gas formed by premixing fuel and air into 
the combustion chamber, characterized in that 

a plurality of the premixing nozzles are ar- 
ranged in the premixing flow passage; and 

opening portions permitting air to flow in are 
provided at the outer wall so that the air flowed into 
the premixing flow passage forms swirling flows for 
the adjacent two premixing nozzles. 

8. A gas turbine combustor comprising diffusive com- 
bustion nozzles which inject fuel and air into a com- 
bustion chamber and form a diffusive combustion 
flame, outer and inner walls which form an annular 
premixing flow passage and premixing nozzles 
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which are disposed in the pre mixing flow passage 
and form a premixing combustion flame by injecting 
premixed gas formed by premixing fuel and air into 
the combustion chamber, characterized in that 

a plurality of the premixing nozzles are ar- 5 
ranged in the premixing flow passage; 

opening portions permitting air to flow in into 
the premixing flow passage are provided at the out- 
er wall and at positions between adjacent two 
premixing nozzles in the circumferential direction; to 
and 

isolation wall members which are provided re- 
spectively at both sides of the adjacent two premix- 
ing nozzles in the circumferential direction. 

15 

9. A gas turbine combustor comprising: 

diffusive combustion nozzles which inject fuel 
and air into a combustion chamber and form a 
diffusive combustion flame; 20 
an inner cylinder arranged outside the diffusive 
combustion nozzles; 

a plurality of premixing nozzles which are ar- 
ranged outside the inner cylinder in circumfer- 
ential direction and form a premixing combus- 25 
tion flame by injecting premixed gas formed by 
premixing fuel and air into the combustion 
chamber; 

means for forming respective swirling flows of 
different rotating direction for the adjacent two 30 
premixing nozzles in circumferential direction; 
and 

a member which surrounds the adjacent two 
premixing nozzles in the circumferential direc- 
tion along the axial direction thereof. 35 

10. A gas turbine combustor comprising diffusive com- 
bustion nozzles which inject fuel and air into a com- 
bustion chamber and form a diffusive combustion 
flame, outer and inner walls which form an annular *o 
premixing flow passage and premixing nozzles 
which are disposed in the premixing flow passage 
and form a premixing combustion flame by injecting 
premixed gas formed by premixing fuel and air into 
the combustion chamber, characterized in that 45 

a plurality of the premixing nozzles are ar- 
ranged in the premixing flow passage; and 

opening portions permitting air to flow in are 
provided at the outer wall so that the air flowed into 
the premixing flow passage forms swirling flows so 
with respect to the premixing nozzles, thereby, the 
rotating directions of the swirling flows for the re- 
spective two premixing nozzles are caused to direct 
opposite directions each other. 

55 

1 1 . A gas turbine combustor comprising diffusive com- 
bustion nozzles which inject fuel and air into a com- 
bustion chamber and form a diffusive combustion 


flame, outer and inner walls which form an annular 
premixing flow passage and premixing nozzles 
which are disposed in the premixing flow passage 
and form a premixing combustion flame by injecting 
premixed gas formed by premixing fuel and air into 
the combustion chamber, wherein 

a plurality of the premixing nozzles are ar- 
ranged in the premixing flow passage; 

opening portions permitting air to flow in are 
provided at the outer wall so that the air flowed into 
the premixing flow passage forms swiriing flows 
with respect to the premixing nozzles; 

each of the opening portions is configured in 
nearly a triangular shape in such a manner either 
that the opening broadens in the main air stream 
direction prior to flowing into the premixer or that the 
opening decreases in the main air stream direction 
prior to flowing into the premixer; and 

the rotating directions of the swirling flows for 
the respective two premixing nozzles are caused to 
direct opposite directions each other. 

12. A gas turbine combustor use premixing device com- 
prising a plurality of premixing nozzles which are ar- 
ranged in circumferential direction and form a 
premixing combustion flame by injecting premixed 
gas formed by premixing fuel and air into a combus- 
tion chamber, characterized in that one airflow in- 
let for every adjacent two premixing nozzles is pro- 
vided so that a swirling flow is formed for the respec- 
tive adjacent two premixing nozzles in the circum- 
ferential direction. 

1 3. A gas turbine combustor use premixing device com- 
prising a plurality of premixing nozzles which are ar- 
ranged in circumferential direction and form a 
premixing combustion flame by injecting premixed 
gas formed by premixing fuel and air into a combus- 
tion chamber, characterized in that one airflow in- 
let for every adjacent two premixing nozzles is pro- 
vided so that swirling flows of which rotating direc- 
tions are opposite each other are formed for the re- 
spective adjacent two premixing nozzles in the cir- 
cumferential direction. 

14. A gas turbine combustor use premixing device com- 
prising a plurality of premixing nozzles which are ar- 
ranged in circumferential direction and form a 
premixing combustion flame by injecting premixed 
gas formed by premixing fuel and air into a combus- 
tion chamber, characterized in that means is pro- 
vided which forms swirling flows of which rotating 
directions are different each other for the respective 
adjacent two premixing nozzles in the circumferen- 
tial direction. 

15. A premixing method for a gas turbine combustor 
comprising a plurality of premixing nozzles which 
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are arranged in circumferential direction and form a 
premixing combustion flame by injecting premixed 
gas formed by premixing fuel and air into a combus- 
tion chamber, characterized in that air is flown 
from air flow inlets each being provided for every 5 
adjacent two premixing nozzles in the circumferen- 
tial direction, and swirling flows are formed around 
the respective adjacent two premixing nozzles. 

16. A premixing method for a gas turbine combustor 10 
comprising a plurality of premixing nozzles which 
are arranged in circumferential direction and form a 
premixing combustion flame by injecting premixed 
gas formed by premixing fuel and air into a combus- 
tion chamber, characterized in that air is flown is 
from air flow inlets each being provided for every 
adjacent two premixing nozzles, and swirling flows 

of which rotating directions are opposite each other 
are formed around the respective adjacent two 
premixing nozzles. 20 

17. A premixing method for a gas turbine combustor 
comprising a plurality of premixing nozzles which 
are arranged in circumferential direction and form a 
premixing combustion flame by injecting premixed 25 
gas formed by premixing fuel and air into a combus- 
tion chamber, characterized in that one air flow in- 
let for every adjacent two premixing nozzles is pro- 
vided so that swirling flows of which rotating direc- 
tions are different each other are formed around the 30 
respective adjacent two premixing nozzles in the 
circumferential direction. 


12 


EP 1 223 383 A1 



13 


EP 1 223 383 A1 


FIG. 3 


. 30 


/ 
/ 

/ 


4 m 
V7777A 


T 

8 


49 


2 


81 


FIG. 4 



U^R « 


203 


14 


EP 1 223 383 A1 


2 



A-A CROSS SECTION 

FIG. 6 K 



15 


EP 1 223 383 A1 



FIG. 9 


30- 


16 


EP 1 223 383 A1 


FIG. 10 



FIG. 11 


> J J I J J J J > J 


://////) 



FIG. 12 



17 


EP 1 223 383 A1 


FIG. 13 


FIG. 14 


FIG. 15 



A-A CROSS SECTION 




18 


EP 1 223 383 A1 


FIG. 16 



A-A CROSS SECTION 


FIG. 17 



FIG. 18 



19 


EP 1 223 383 A1 


FIG. 19 



A-A CROSS SECTION 


FIG. 20 



FIG. 21 



20 


EP 1 223 383 A1 


FIG. 22 


FIG. 23 


FIG. 24 



EP 1 223 383 A1 



22 


EP 1 223 383 A1 


FIG. 27 



8 

A-A CROSS SECTION 


FIG. 28 



23 


EP 1 223 383 A1 


FIG. 29 



FIG. 30 



0.0 I ' 1 ' 1 1 1 

0 0.2 0.4 0.6 0.8 1 1.2 

AXIAL DIRECTION DISTANCE FROM 
FUEL NOZZLE INJECTION HOLE(x/d) 


24 


EP 1 223 383 A1 


FIG. 31 



0.0 ' 1 1 1 1 1 1 

0 0.2 0.4 0.6 0.8 1 1.2 

AXIAL DIRECTION DISTANCE FROM 
FUEL NOZZLE INJECTION HOLE(x/d) 


F/G. 32 



25 


EP 1 223 383 A1 


FIG. 33 



A-A CROSS SECTION 


FIG. 34 


8 


30 

3a 


3^: 


12 


FIG. 35 


FIG. 36 


30 


49 


50 


301 12 


49 

l 



8 


301 


26 


EP 1 223 383 A1 

FIG. 37 f FIG. 39 



8 

A-A CROSS SECTION 


27 


EP 1 223 383 A1 


INTERNATIONAL SEARCH REPORT 

International Application No. 


PCT/JP99/05779 


A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 F23R3/30 


According to Imernarional Patent Qassifiorkm (IPC) orto both national classification and IPC 

B. FIELDS SEARCHED 

Minimum riora i i i riita riu u searched (classification system followed by classification symbols) 
Int. CI 7 F23R3/30 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Kbho 1926-1996 Jitsuyo Shinan ToroJcu Kbho 1996-2000 

Kokai Jitsuyo Shinan Koho 1971-2000 Toroku Jitsuyo Shinan Kbho 1994-2000 

Electronic data base consulted during the international setrch (name of data base and, where practicable, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 

Citation of document, with indication, where appropriate, of the relevant passages 

Relevant to chum No. 

y 

JP, 2-267419, A (Hitachi, Ltd.), 

7-10. 


01 November, 1990 (01.11.90) (Family: none) 

14-17 

A 


1-6 



9-13 

y 

JP, 7-260148, A (Senshin Zairyo Riyou Gas Generator 

7,9, 


Kenkyusho X.K. ) , 

10,14-17 


13 October, 1995 (13.10.95) (Family: none) 

1-6,8, 

A 


11-13 

y 

JP, 10-54560, A (Hitachi, Ltd.), 

8 

A 

24 February, 199B (24.02.98) (Family: none) 

1-7,9-17 

A 

JP, 8-303778, A (Hitachi, Ltd.), 

1-17 


22 November, 1996 (22.11.96) (Family: none) 


A 

JP, 8-135969, A (Hitachi, Ltd.), 

1-17 


31 May, 1996 (31.05.96) (Family: none) 



n Further documents are listed in the c 


a of Box C. Q See patent family annex. 


"A" document defining the general stale of the art which boot 

considered to be of particular relevance 
"ET earlier document but published on or after the interoirjcxal filing 

date 

*L* document which may throw doubts on priority chinas) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

**0* document referring to an oral disclosure, use. caMbinoa or other 


bttsz document published eftcr the international Filing date or 
priority dale and not is conflict with the application but cited to 
understand the principle or theory underlying the invention 


"V rtryummt published prior to the mtematkmst filing date but later 


cons iflerod novel or cannot be considered to involve an inventive 
step when the document is taken alone 
**Y~ document of particular relevance; the churned invention cannot be 
cottaidewd to involve an inventive step when the document is 
ootnbocd whh one or more other such documents, such 
ootnbtoattcn being obvious to a person skilled in the an 
& do cum ent member of the same patent family 


Date of the actual completion of the international search 
05 January, 2000 (05.01.00) 

Date of mailing of the international search report 
25 January, 2001 (25.01.00) 

Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 

Authorized officer 
Telephone No. 


Form PCT/ISA/210 (second sheet) (July 1992) 


28 


